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ABSTRACT
M e ris t ic  and morphometric characters o f  ju ve n ile  blueback herring, 
Alosa a e s t iv a l is ;  a lew ife , A. pseudoharenous: and American shad, A. 
sapidissima. were examined from samples co llec ted  from major A t la n t ic  
coast r iv e rs  during 1978 to 1980, to  determine whether these characters 
would be o f  use in stock d isc r im in a t io n . In contrast to  such previous 
inves tiga t ions  o f  Alosa species, m u lt iv a r ia te  s ta t is t ic a l  techniques 
were employed in th is  study to  examine both spatia l and temporal 
e f fe c ts .
Univaria te  d esc r ip t ive  s ta t is t i c s  (mean, mode, standard devia tion, 
standard e r ro r ,  and the frequency d is t r ib u t io n )  were ca lcu lated fo r  each 
m e ris t ic  character. No consistent patterns o f  v a r ia t io n  from year to 
year, or from area to  area were noted. Regression analysis o f  each 
m e ris t ic  character (dorsa l, anal, l e f t  pectora l and l e f t  pe lv ic  f in  
rays, a n te r io r  and pos te r io r  scutes), determined tha t they were 
independent o f  to ta l  f is h  length.
M u lt iv a r ia te  analysis o f variance (MANOVA) was performed 
separately fo r  the m eris t ics  and morphometries. In both cases, a 
s ig n i f ic a n t  in te ra c t io n  e f fe c t  precluded in te rp re ta t io n  o f  s ig n if ic a n t  
main e f fe c ts .  Within the realm o f MANOVA, the simple e f fe c ts  o f  areas 
w ith in  each year and years w ith in  each area were examined. S ig n if ica n t 
d iffe rences were found fo r  both simple e f fe c ts .
Analysis o f  covariance (ANCOVA) o f  each dependent morphometric 
character (snout, upper jaw, head, p o s to rb i ta l ,  p repe lv ic , prepectoral, 
predorsal, and preanal length, head and body depth, head w idth, o rb i t  
diameter, and dorsal to anal f in  and dorsal to  pectoral f i n  distance) on 
the independent variab le  o f to ta l  length indicated s ig n i f ic a n t  
regression re la t io n s  (100% o f the re la t io n s h ip s ) .  A m a jo r ity  (76.3%) o f 
the re la t ion sh ip s  tested by covariance ind icated th a t slopes were equal 
and th a t  e levations o f the regression l in e s  were s ig n i f ic a n t ly  d i f fe re n t  
(87.8%). No consistent pattern was found throughout the covariance 
analyses to  explain deviations from th is .
S ig n if ic a n t  d iffe rences in the characters examined were found 
between the areas sampled, but temporal va r ia t io n  confounded the spatia l 
d if fe rences . M e r is t ic  and morphometric studies need to  take in to  
account both spa tia l and temporal v a r ia t io n  in the data.
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MERISTIC AND MORPHOMETRIC COMPARISON OF THREE JUVENILE ALOSA SPECIES- 
BLUEBACK HERRING, A. AESTIVALIS: ALEWIFE, A. PSEUDOHARENGUS:
AND AMERICAN SHAD, A. SAPIDISSIMA
INTRODUCTION
The blueback herring, Alosa a e s t iva l is  ( M i t c h i l l ) ;  a lewife, A. 
pseudoharenous (Wilson); and American shad, Alosa sapidissima (Wilson), 
are commercially important clupeids found in western North A t la n t ic  
coastal waters from Nova Scotia, Canada, to the St. Johns River, Florida 
(Hildebrand and Schroeder 1928; Bigelow and Schroeder 1953). A ll three 
species are anadromous and spawn in t id a l  freshwater t r ib u ta r ie s  or 
lakes throughout th e i r  range (Loesch 1987). Spawning is temperature 
dependent and coincides with r is in g  water temperatures during the 
spring. In the southern portion o f th e ir  range, spawning commences in 
la te  w inter and continues progressively la te r  in the year with 
increasing la t i tu d e  (Hildebrand and Schroeder 1928; Talbot and Sykes 
1958; Leim and Scott 1966; Nichols 1966). A fte r  spawning, adults return 
to the sea, while most juven iles  remain in th e i r  natal t r ib u ta r ie s  u n t i l  
th e i r  f i r s t  w in ter when they migrate offshore (Hildebrand and Schroeder 
1928; Talbot and Sykes 1958; Hildebrand 1964; Chittenden 1969).
Blueback herring, a lew ife, and American shad are reported to return 
or "home" to th e ir  natal streams or t r ib u ta r ie s  to spawn (Hildebrand and 
Schroeder 1928; Hammer 1942; H o ll is  1948; Bigelow and Schroeder 1953; 
Talbot and Sykes 1958; F ischler 1959; H i l l  1959; Nichols 1960, 1966; 
Walburg and Nichols 1967; Leggett 1969; Carscadden and Leggett 1975a, 
1975b; Messieh 1977). I f  a "parent" stream theory is  tenable, one would
2
3expect f is h  from a single stream to be more l ik e  each other than to f ish  
from another (H i l l  1959).
The question o f separate stocks or races in Alosa has in tr igued 
investiga to rs  throughout the past century. Previous investiga tions have 
suggested the possible existence o f separate stocks o f  A1osa through a 
va r ie ty  o f techniques. Among these are tagging studies (H o ll is  1948; 
Talbot and Sykes 1958; Nichols 1960), l i f e  h is to ry  studies (Hammer 1942; 
Lehman 1953; Davis 1957; Walburg and Nichols 1967; Leggett 1969; 
Carscadden and Leggett 1975b), and m eris t ic  and morphometric analyses 
(Vladykov and Wallace 1938; Warfel and Olsen 1947; F isch ler 1959; H i l l  
1959; Reed 1964; Nichols 1966; Messieh 1977).
Past m eris t ic  and morphometric studies have attempted to separate 
stocks o f Alosa through the use o f un ivaria te  s ta t is t ic s  or discrim inant 
function analysis (Vladykov and Wallace 1938; Warfel and Olsen 1947; 
F isch ler 1959; H i l l  1959; Reed 1964; Nichols 1966; Carscadden and 
Leggett 1975a; Messieh 1977). M u lt ip le  comparisons o f means through the 
use o f un ivaria te  techniques increase the p ro b a b il i ty  o f f ind ing  
s ig n if ic a n t  d ifferences when in fa c t none e x is t  (Cochran and Cox 1957). 
The appropriateness o f the un ivaria te  methods and d iscrim inant function 
analyses have been questioned (Jo licoeur 1959; Baron and Jolicoeur 1980; 
Jo licoeur 1984; Jo licoeur et a l . 1984; W i l l ig  et a l . 1986). A more 
appropriate approach in  these studies would be to te s t  the hypothesis 
tha t the population group centroids are equal (Pimentel 1979). To th is
4end, a m u lt iva r ia te  analysis o f variance (MANOVA) was employed to 
determine whether m eris t ic  or morphometric characters could be used to 
discern r iv e r -s p e c i f ic  stocks of Alosa. In th is  technique, m u lt ip le  
varia tes (m eris t ic  or morphometric characters) are considered in 
combination, instead o f tes ting  them s ing ly  (Kendall 1957; Cooley and 
Lohnes 1962).
MATERIALS and METHODS
C ollection of Samples: Chesapeake Bay
Juvenile (young-of-the-year) a lew ife , blueback herring, and 
American shad were co llected in 1978, 1979, and 1980 from f iv e  
t r ib u ta r ie s  to Chesapeake Bay (Fig. 1). Juveniles, ra ther than adults, 
were chosen to work with to ensure both the s in g u la r i ty  o f  age and 
o r ig in .  A bow-mounted pushnet (1.5 x 1.5 m) was employed to capture 
ju ve n ile  Alosa. The net had a 1.9 cm stretched mesh w ith  a 1.3 cm 
stretched mesh cod-end (Kriete and Loesch 1980). Sampling was done at 
n igh t when these species are more accessible in surface waters (Loesch 
et a l , 1982). The r iv e r  systems sampled were the Potomac, Rappahannock, 
Mattaponi, Pamunkey, and James Rivers.
Collection of Samples: Outside Chesapeake Bay
Samples o f ju ve n ile  Alosa were made ava ilab le  from the fo llow ing 
areas outside o f  Chesapeake Bay: South Carolina- Santee and Cooper 
Rivers; Connecticut- Connecticut River; Rhode Is land- G ilb e r t  Stuart 
Pond, Pettaquamscutt River; Maine- Damariscotta M i l ls ,  Damariscotta 
River; Nova Scotia- Lake A in s l ie ,  Margaree River (F ig. 1). Methods o f 
c o l le c t io n  varied, yet the c r i t e r ia  o f s ingu lar age and o r ig in  were 
maintained. A summary o f these co llec t ions  can be found in tables 1, 2 
and 3.
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6Figure 1. A t la n t ic  coast sampling areas o f ju ve n ile  Alosa.
Legend
•  Blueback Herring 
▲ Alewife 
■  American Shed
M A I N E
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7Handling o f Samples
Samples were preserved in 10% buffered formalin at the time o f 
capture and returned to  the laboratory fo r  so r t ing . A f te r  sorting  by 
species, a l l  samples were transferred to 40% isopropyl alcohol fo r  
storage. Random subsamples o f  50 (as ava ilab le ) were drawn from each 
sample fo r  analysis. Ind iv idual f is h  were placed in v ia ls  and labeled
fo r  fu tu re  reference. In some instances, such as when la rge r 
in d iv id u a ls  were encountered, f is h  were marked by ty ing  a length o f 
monofilament l in e  w ith  a numbered tag to the caudal peduncle. In th is
manner a number o f  specimens could be kept in  a s ing le  ja r .
M eristics
The m e ris t ic  characters used in th is  study were chosen so as to  be 
comparable to previous inves tiga t ions . M e r is t ic  characters examined 
were dorsa l, anal, l e f t  pectoral and l e f t  pe lv ic  f i n  rays, and a n te r io r  
and pos te r io r  scutes (F ig. 2). Fin ray counts were conducted as 
described by Hubbs and Lagler (1964). The la s t  two bases o f  the dorsal 
and anal f i n  rays were counted as one ray. Only segmented rays were 
counted. Scutes w ith bases an te r io r  to  in se r t io n  o f  the pe lv ic  f in s  
were designated as an te r io r  scutes, whereas scutes w ith  bases pos te r io r  
to  in s e r t io n  o f  the pe lv ic  f in s  were designated as pos te r io r  scutes 
(Reed 1964). A l l  counts were made w ith  a b inocu lar d issectiong scope 
and re p l ica te d .
8Figure 2. Generalized diagram o f ju ve n ile  a los id , depicting 
the m eris t ic  characters used in th is  study.
1= Dorsal rays 
2= Anal rays 
3= Pectoral rays 
4= Pelvic rays 
5= Ante r io r scutes 
6= Posterior scutes.

Table 1. Collection date, sample sizes, and lengths (TL) o f blueback
herring, Alosa a e s tiva lis .
AREA DATE OF CAPTURE SIZE RANGE N
Nova Scotia
Margaree River 15
Connecticut
Connecticut River 15
.. M 22
Chesapeake Bay
Potomac River 8
. . . .  18
.. „ 1Q 
Rappahannock River 28
.1 ii j
12
Mattaponi River 12
„ i. 3 2
. . . .  14
Pamunkey River 7
.. „ 32
. . . .  20
James River 26
. . . .  32
" 15
South Carolina
Santee River 12-14
1. I. 4
" 15
Cooper River- L. Marion 1
.. .. .. 22
" " - L. M oultr ie  26
.. .. ..
August 1979 44.3- 53.5 50
August 1979 47.3- 57.6 50
October 1980 56.5- 79.2 50
August 1978 43.6- 56.3 50
July 1979 44.1- 62.6 50
July 1980 45.8- 53.7 50
August 1978 44.4- 62.2 50
August 1979 46.8- 55.1 50
August 1980 43.9- 55.3 50
September 1978 48.0- 55.8 50
July 1979 45.3- 55.4 50
July 1980 36.2- 55.5 50
September 1978 43.6- 60.2 50
July 1979 45.3- 55.9 50
September 1980 43.7- 60.1 50
September 1978 44.5- 53.1 50
Ju ly 1979 50.8- 59.2 50
Ju ly 1980 40.3- 51.6 50
December 1978 64.4-101.6 70
December 1979 43.0- 85.2 10
December 1980 33.8- 77.7 28
October 1979 39.8- 53.8 50
July 1980 42.1- 60.4 50
January 1978 55.6- 79.7 50
October 1979 52.5- 68.3 50
9
Table 2. C ollection date, sample sizes, and lengths (TL), o f alew ife,
Alosa pseudoharengus.
AREA DATE OF CAPTURE SIZE RANGE
Maine
Scotia
Margaree River
i
15 August 1979 36.8-55.8 26
Damariscotta River 
s Island
21 October 1980 66.3-84.2 50
G ilb e r t  S tuart Pond 19 July 1979 47.0-67.7 50
ipeake Bay
Potomac River 8 September 1978 66.7-83.2 50
H n 18 July 1979 56.9-75.7 50
■I n 5 September 1980 68.7-85.5 50
Rappahannock River 28 September 1978 52.9-70.6 50
n  H 1 September 1979 60.1-73.5 50
H i i 10 July 1980 50.0-59.4 50
Mattaponi River 5 October 1978 56.1-63.7 50
n  i i 14 Ju ly 1980 65.3-75.0 33
Pamunkey River 7 September 1978 55.9-65.5 50
i i  i i 31 Ju ly 1979 64.3-76.6 50
H i i 7 Ju ly 1980 47.8-75.1 38
James River 25 September 1978 48.7-62.7 50
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Table 3. Collection date, sample sizes, and lengths (TL), o f American
shad, Alosa sapidissima.
AREA________________________ DATE OF CAPTURE SIZE RANGE_______N
Connecticut
Connecticut River 15 September 1979 45.3- 62.0 50
22 October 1980 51.0- 62.0 13
Chesapeake Bay
Mattaponi River 12 September 1978 52.1- 58.4 50
31 July 1979 47.2- 62.4 50
Pamunkey River 7 September 1978 44.6- 68.2 50
21 August 1979 48.7- 68.3 50
7 Ju ly 1980 42.8- 62.8 50
James River 25 September 1978 85.0-101.8 50
11
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Morphometries
Morphometries were taken w ith  a d ia l c a l ip e r ,  ca l ib ra te d  to the 
nearest 0,1 mm. A l l  measurements fo l lo w  Hubbs and Lagler (1964) and are 
described as fo llows (numbers correspond to f ig u re  3):
1. Total Length (TL1: Tip o f  the snout to the p o s te r io r  edge o f
the caudal f in .
2. Fork Length (FL1: Tip o f  the snout to the p o s te r io r  edge o f
the caudal f in  fo rk .
3. Snout Length (SNTL): Tip o f  the snout to  the a n te r io r  edge o f
the o r b i t .
4. O rb it Diameter (OP): Horizontal diameter between the a n te r io r
and pos te r io r  edges o f  the fleshy o r b i t .
5. Head Width (HW): Greatest width o f  the head measured between
the eyes.
6. Head Depth (HD): Greatest depth o f  the head measured
v e r t i c a l ly  from the center o f  the eye.
7. Upper Jaw Length (UJL1: Tip o f  the snout to  the pos te r io r
margin o f the upper jaw.
8. Head Length (HL1: Tip o f  the snout to the p o s te r io r  margin o f
the opercle.
9. Posto rb ita l Length (POL): Distance from the p o s te r io r  margin
o f the fleshy o rb i t  to  the pos te r io r  margin o f  the opercle.
10. Preventral Length (PVL1: Tip o f  the snout to  the in se r t ion  o f
the pe lv ic  f in .
11. Prepectoral Length (PPL): Tip o f the snout to  the in se r t ion  o f
the pectoral f in .
12. Predorsal Length (PDL1: Tip o f  the snout to  the in se r t io n  o f
the dorsal f in .
13. Preanal Length (PALI: Tip o f  the snout to  the in se r t io n  o f  the
anal f i n .
13
14. Dorsal to  Anal Distance (DAI: Diagonal distance from the
inse rt ion  o f the dorsal f in  to  the inse rt ion  o f  the anal 
f i n .
15. Dorsal to Pectoral Distance (DPI: Diagonal distance from the
inse rt ion  o f the dorsal f in  to  the inse rt ion  o f the 
pectoral f in .
16. Body Depth (BD1: Vert ica l height o f the body measured at the
o r ig in  o f the f i r s t  dorsal ray.
A l l  measurements were taken on the l e f t  side o f the body (F ig .3). 
Damaged specimens were discarded.
/  LIBRARY \
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Figure 3. Generalized diagram o f ju v e n i le  a los id , depicting 
morphometric measurements used in th is  study.
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S ta t is t ic a l  Analysis
Log-transformed m eris t ic  counts were regressed on to ta l  f is h  length 
to  determine whether the characters were dependent on length.
Univaria te descrip t ive  s ta t is t ic s  (mean, mode, standard dev ia tion, 
standard e rro r ,  and the frequency d is t r ib u t io n )  were calculated fo r  each 
m e ris t ic  character. These s ta t is t ic s  were used fo r  in s ig h t and not 
hypothesis te s t in g .
A fa c to r ia l  m u lt iva r ia te  analysis o f variance (MANOVA) model was 
used to te s t  fo r  s ig n if ic a n t  d ifferences in m eris t ic  centroids 
( in  k=6 space) among the main e ffec ts  (area and year), in te rac tions  
(area x year), and simple e ffec ts  (areas w ith in  each year, and years
Y
w ith in  each area). The packaged program MANOVA from SPSS (1983) was 
used in these analyses and run on the VIMS PRIME 850 computer. The 
W ilks ’ c r i te r io n  was used to evaluate the hypotheses. This determines a 
p ro b a b i l i ty  level fo r  the nu ll hypothesis o f equa lity  o f  population 
centro ids based on the equa lity  o f dispersions (variance-covariance 
matrices) (Cooley and Lohnes 1962). Areas which lacked more than one 
sample were omitted from the s ta t is t ic a l  analysis.
Raw morphometric characters were p lo tted  against to ta l  f is h  length 
to  v is u a l ly  inspect fo r  c u r v i l in e a r i t y ,  i . e .  a llo m e tr ic  growth.
Analysis o f covariance (ANCOVA) was used to compare the regression lines 
o f each character fo r  each area by year (Sokal and Rohlf 1981). The
16
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packaged program MANOVA from SPSS (1983) was used to perform the 
analysis o f covariance procedure.
A fa c to r ia l  m u lt iva r ia te  analysis o f variance (MANOVA) model was 
again used to te s t  fo r  s ig n if ic a n t  d ifferences in the morphometric 
centro ids ( in  k=13 space) among the main e f fe c ts ,  in te rac t ions , and 
simple e ffe c ts .  The Wilks* c r i te r io n  was used to evaluate the 
hypotheses (Cooley and Lohnes 1962). Areas which lacked more than one 
sample were omitted from the s ta t is t i c a l  analysis.
RESULTS
M eris t ics
Regression analysis o f natural log-transformed m eris t ic  characters
on to ta l  f is h  length indicated no length dependency at P = 0.05 
2( r  values ranged from 0.001 to 0.079). Univariate descrip tive  
s ta t is t ic s  showed no consistent pattern o f change in the m eris t ic  
characters fo r  each species (Appendix A).
Dorsal Ravs
Dorsal ray counts fo r  blueback herring ranged from 15 to 18. The 
1979 Santee River sample (n = 10) had the highest mean value (17.20), 
while the 1979 Margaree River sample had the lowest (16.08). Modal 
values ranged from 16 to 18, w ith 17 the most common (20 o f 25 samples). 
A mode o f 16 was found in 4 o f the samples. The 1979 sample from the
Santee River was bimodal (17 and 18).
Alewife dorsal rays ranged from 16 to 19. Mean value was greatest 
in  the Mattaponi River in 1978 (17.82), and lowest from the Margaree 
River in 1979 (16.50). Modal values ranged from 16 to  18, with 17 the 
most common (8 o f 15 samples). Two samples were bimodal, the Margaree 
River in 1979 (16 and 17), and the Pamunkey River in 1978 (17 and 18).
American shad dorsal rays ranged from 15 to 19. Greatest mean 
value was from the Pamunkey River in  1980 (17.90), and the lowest was 
from the Connecticut River in 1980 (16.31, n = 13). A modal value o f 17
was constant fo r  a l l  samples except from the Pamunkey River in 1980,
17
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which was 18.
Anal Ravs
Counts o f anal rays fo r  blueback herring ranged from 15 to 20. 
Greatest mean value was encountered in 1979 from the Connecticut River, 
and in 1978 from the Santee River (18.14). Lowest mean value was from
the Mattaponi River in 1978 (17.18). Modal values ranged from 17 to 18,
w ith  18 the most common (17 o f 25 samples).
Anal ray counts fo r  alewife ranged from 15 to 21. Greatest mean 
value was from the Margaree River in 1979 (18.92), and lowest from
G ilb e r t  Stuart Pond in 1979 (17.64). Modal values ranged from 17 to 19,
w ith  18 the most common (11 o f 15 samples). The Potomac and 
Rappahannock River samples exhibited a s im ila r  pattern o f changing modal 
values, s h i f t in g  from 18 to 19 and back to 18 from 1978 to 1980. Modal 
values were consistent (18) fo r  the Mattaponi, Pamunkey, and James River 
samples.
Counts o f anal rays fo r  American shad ranged from 17 to 22.
Greatest mean value was from the Pamunkey River in 1980 (20.54), and the
lowest from the Connecticut River in 1980 (18.08). Modal values ranged
from 18 to 20, w ith  20 the most common (5 o f 8 samples). Modal value 
was also lowest in the Connecticut River sample from 1980 (18).
Pectoral Ravs
Counts o f pectoral rays fo r  blueback herring ranged from 12 to 17.
Greatest mean value was from the Margaree River in 1979 (16.04), and
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lowest from the Pamunkey R iver in  1980 (14.44). Modal values ranged 
from 14 to  16. The most common modal value was 15 (17 o f 25 samples), 
w ith  16 the second most common (5 o f 25 samples). The 1980 Potomac 
River sample was bimodal (15 and 16). No consis ten t pa tte rn  o f changing 
modes was encountered.
Pectoral ray counts fo r  a lew ife  ranged from 12 to  17. The Margaree 
R iver sample o f 1979 had the highest mean value (15.89), and was lowest 
from the Mattaponi R iver in  1980 (14.13). Modal values ranged from 14 
to  16. A modal value o f 15 was most common (9 o f 15 samples), w ith  14 
the next prominent (4 o f 15 samples). The 1978 Mattaponi R iver sample 
was bimodal (14 and 15).
American shad pectoral ray counts ranged from 14 to  18. The 1979 
Pamunkey River sample had the highest mean value (16.46), w hile  the 
Connecticut River sample from 1980 had the lowest (14.77). Modal values 
ranged from 15 to  17, w ith  16 the most common (5 o f 8 samples).
P e lv ic  Ravs
Counts o f p e lv ic  rays fo r  blueback herring  ranged from 8 to  10. 
Greatest mean value was encountered in  the 1978 Pamunkey R iver sample 
(9 .0 8 ), w h ile  the lowest mean value (8.96) was from two samples, the 
1978 Potomac and Mattaponi R iver samples. Modal value (9) was 
cons is ten t throughout the samples.
Pe lv ic  ray counts fo r  a lew ife  ranged from 7 to  10. Mean value was 
g rea tes t (9.04) in  three samples, the 1980 Potomac, 1979 and 1980 
Rappahannock R iver samples. Lowest mean value (8.88) was from the
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Potomac River in  1978. Modal value (9) was consistent throughout the 
samples.
American shad pe lv ic  ray counts ranged from 8 to  10. Greatest mean 
value (9.15) was from the 1980 Connecticut River sample, and the lowest 
(8.76) was from the 1978 James River sample. Modal value (9) was 
cons is ten t throughout the samples.
A n te rio r Scutes
Counts o f a n te rio r scutes fo r  blueback herring  ranged from 17 to  
22. The 1979 Mattaponi River sample had the greatest mean value 
(20.84), w hile  the lowest mean value (19.66) was encountered tw ice, in  
the 1979 Connecticut and 1980 James River samples. Modal value ranged 
from 20 to  21, w ith  20 the most common (16 o f 25 samples). A consistent 
pa tte rn  was noted fo r  samples from the Rappahannock, Mattaponi,
Pamunkey, and James Rivers, where the modal value was 21 in  1078 and 
1979, and sh ifte d  to  20 in  1980. Modal values o f samples from South 
C aro lina , Nova Scotia , and Connecticut were always 20.
A n te rio r scute counts fo r  a lew ife  ranged from 17 to 22. The 1979
Margaree R iver sample had the g reatest mean value (19.54), while the 
1978 Pamunkey R iver sample had the lowest (18.70). Modal value was 19 
fo r  a l l  samples except the 1979 Margaree River sample (20).
Counts o f a n te rio r scutes fo r  American shad ranged from 18 to  23. 
Greatest mean value (21.02) was from the 1979 Connecticut River sample 
w h ile  the 1980 Connecticut River sample had the lowest (19.39). Modal
values sh ifte d  from 20 to  21 w ith  no consistent pa tte rn .
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P oste rio r Scutes
P oste rio r scute counts fo r  blueback herring  ranged from 12 to  17. 
Greatest mean value (15.44) was from the 1979 Margaree River sample, 
w h ile  the 1979 Pamunkey River sample had the lowest (13.74). Modal 
values ranged from 14 to  15, w ith  samples from outside o f Chesapeake Bay 
cons is ten t in  th e ir  mode (15). A pa tte rn  o f s h if t in g  modal value fo r  
p o s te rio r scutes was noted fo r  the Cheaspeake Bay samples. Modal values 
fo r  a l l  1978 and 1979 samples was 14, w h ile  the 1980 samples had a modal 
value o f 15.
P oste rio r scute counts fo r  a lew ife  ranged from 12 to  17. The 1980 
Pamunkey R iver sample had the highest mean value (14.91), w hile  the 1979 
Potomac R iver sample had the lowest (14.02). Modal values ranged from 
14 to  15, w ith  15 the most common (11 o f 15 samples). The Rappahannock, 
Mattaponi, and Pamunkey Rivers were cons is ten t in  th e ir  modal value 
(15). The 1978 James River sample was bimodal (14 and 15).
P oste rio r scute counts fo r  American shad ranged from 14 to  18. 
Greatest mean value (16.50) was encountered in  the 1978 Mattaponi River 
sample, and the lowest (14.92) was from the 1980 Connecticut River 
sample. Modal values ranged from 15 to  17, w ith  16 the most common (5 
o f 8 samples). The 1978 James R iver sample was bimodal (16 and 17).
Total Scutes
Counts o f to ta l scutes fo r  blueback herring  ranged from 31 to  38. 
The 1979 Margaree R iver sample had the g rea tes t mean value (35.54), 
w h ile  the 1978 Potomac River sample had the lowest (34.30). Modal
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values ranged from 34 to  36, w ith  35 the most common (21 o f 25 samples). 
Samples from the Chesapeake Bay had a cons is ten t mode o f 35, except fo r  
the 1978 Potomac and James River samples (34). A ll samples from South 
Carolina were s im ila r  in  th e ir  modal value (35).
Total scute counts fo r  a lew ife  ranged from 31 to  36. Greatest mean 
value (34.19) was encountered in  the 1979 Margaree R iver sample, w ith  
the lowest (33.20) from the 1978 James R iver sample. Modal value (34) 
was re la t iv e ly  constant fo r  a l l  samples. Only the 1979 Potomac River 
sample, which was bimodal (33 and 34), and the 1980 Potomac River sample 
(33) d if fe re d .
Counts o f to ta l scutes fo r  American shad ranged from 32 to  39. The 
1978 Mattaponi R iver sample had the g rea test mean value (36.98), while  
the 1980 Connecticut River sample had the lowest (34.31). With the 
exception o f the 1980 Connecticut and 1979 Mattaponi R iver samples, 
modal value (37) was constant. A mode o f 36 was encountered in  the 1979 
Mattaponi River sample. The frequency d is t r ib u t io n  o f the 1980 
Connecticut R iver sample was g re a tly  d if fe re n t  than the other samples 
and appeared to  be in  e rro r (Appendix A, Table 3 ). A fte r  reexamining 
the sample, the counts were found to  be accurate and must have resu lted  
from some unknown fa c to r , possib ly  environmental in fluences.
S ta t is t ic a l Analysis o f M eristics
The fa c to r ia l m u ltiv a ria te  analysis o f variance (MANOVA) model fo r  
blueback herring  was incomplete in  a s ta t is t ic a l  sense, due to  the 
absence o f samples from the Connecticut R iver and Lake Marion in 1978,
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and Lake M ou ltrie  in  1980. The sample from the Margaree R iver was 
excluded from the ana lysis since only one sample was a va ila b le . The 
MANOVA model fo r  a lew ife  considered only the samples from Chesapeake Bay 
exclusive  o f the James R iver. I t  was both incomplete and unbalanced 
s ta t is t ic a l ly ,  since a sample was lack ing  from the Mattaponi River in  
1979, and re p lic a tio n s  were unequal. Samples from Nova Scotia , Maine, 
and Rhode Island were om itted from the analysis since only one sample 
was ava ilab le  from each area. The American shad MANOVA was incomplete 
due to  the lack o f samples from the Connecticut R iver in  1978, and the 
Mattaponi River in  1980. The sample from the James R iver was omitted 
from the ana lysis since only one sample was a va ila b le .
The fa c to r ia l MANOVA fo r  a lew ife  and American shad ind ica ted there 
were s ig n if ic a n t d iffe rences  among areas and among years fo r  each 
species (P < 0.001). A d d it io n a lly , the in te ra c tio n  e ffe c ts  fo r  both 
were s ig n if ic a n t (P < 0.001) (Table 4 ). The MANOVA model fo r  blueback 
he rring  ind ica ted  there was a s ig n if ic a n t d iffe re n ce  among areas 
(P < 0.001), but the main e ffe c t o f years was n o n -s ig n if ic a n t 
(P = 0.264). There was also a s ig n if ic a n t d iffe re n ce  in  the in te ra c tio n  
e f fe c t  (P < 0.001) (Table 4 ). The presence o f strong evidence fo r  
s ta t is t ic a l  in te ra c tio n  among main e ffe c ts  precludes the in te rp re ta tio n  
o f s ig n if ic a n t main e ffe c ts  (Box e t a l . 1978; Snedecor and Cochran 1980; 
H u ll and Nie 1981; Norusis 1985).
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W ithin the realm o f MANOVA, the simple e ffe c ts  o f areas w ith in  each 
year, and years w ith in  each area were examined (Tables 5, 6 ). A ll o f 
the simple e ffe c ts  o f areas w ith in  each year were found to  be 
s ig n if ic a n t (P < 0.001) fo r  each o f the species, w ith  the exception o f 
the 1978 sample o f American shad (P = 0.067). This would ind ica te  tha t 
the American shad samples from the Mattaponi and Pamunkey Rivers in  1978 
were s im ila r  in  th e ir  m e ris tic  characters. The simple e ffe c t o f years 
w ith in  each area were a l l  found to  be s ig n if ic a n t ly  d if fe re n t 
(P < 0.001) fo r  each species, w ith  the exception o f the blueback herring 
samples from the Santee River and Lake Marion. The Santee R iver sample 
was s ig n if ic a n t a t P = 0.024, w hile  the Lake Marion sample was non­
s ig n if ic a n t (P = 0.616). These re su lts  ind ica te  th a t there were 
s ig n if ic a n t year to  year va ria tio n s  in the m e ris tic  characters fo r  each 
species from a l l  areas w ith  the exception o f blueback herring  from Lake 
Marion.
Analysis o f the simple e ffe c ts  ind ica ted th a t the s ig n if ic a n t 
in te ra c tio n s  found (Table 4 ), were not the re s u lt o f an unusually large 
d iffe re n ce  between leve ls  o f one fa c to r , coupled to  a modest change 
between le ve ls  o f the other fa c to r. The m e ris tic  characters used in  
th is  study were apparently very p la s t ic .  Spatia l and temporal 
d iffe rences in  m e ris tic  frequencies re a d ily  occurred, w ith  s izable 
changes in  given areas and years producing s ig n if ic a n t s ta t is t ic a l 
in te ra c tio n s .
Table 4. Summary o f the m u ltiva ria te  analysis o f variance (MANOVA) 
model fo r  blueback herring , a lew ife , and American shad 
m e ris tic  characters.
SOURCE OF WILKS APPROX.
VARIATION________SPECIES CRITERION_______F VALUE_______PROBABILITY
Area Blueback 0.6381 11.0708 <0.001
A1ewife 0.7815 7.2298 <0.001
Am. shad 0.7649 7.1926 <0.001
Year B1ueback 0.9872 1.2186 0.264
Alew ife 0.7319 14.2160 <0.001
Am. shad 0.6265 13.2146 <0.001
Area x Year B1ueback 0.5825 8.2271 <0.001
A1ewife 0.8460 2.8780 <0.001
Am. shad 0.6509 12.0127 <0.001
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Table 5. Summary o f the m u ltiva ria te  analysis o f variance (MANOVA) 
model fo r  the simple e ffe c ts  o f areas w ith in  years fo r  
blueback herring , a lew ife , and American shad m e ris tic  
characters.
WILKS’ APPROX.
SPECIES YEAR CRITERION F VALUE PROBABILITY
B1ueback 1978 0.5968 17.1881 <0.001
1979 0.5826 13.4406 <0.001
1980 0.7894 6.5234 <0.001
ATewi fe 1978 0.8653 4.1679 <0.001
1979 0.8533 6.9485 <0.001
1980 0.8899 3.3412 <0.001
Shad 1978 0.9619 1.9883 0.067
1979 0.7564 7.5160 <0.001
1980 0.5732 37.3583 <0.001
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Table 6.
SPECIES
Blueback
A1ewi fe
Shad
Summary o f the m u ltiv a r ia te  ana lysis o f variance (MANOVA) 
model fo r  the simple e ffe c ts  o f years w ith in  areas fo r  
blueback h e rrin g , a lew ife , and American shad m e ris tic  
characters.
WILKS’ APPROX.
AREA___________CRITERION_______ F VALUE________ PROBABILITY
Connecticut 0.8967 21.6676 <0.001
Potomac 0.8297 18.4096 <0.001
Rappahannock G.8509 15.8251 <0.001
Mattaponi 0.8618 14.6236 <0.001
Pamunkey 0.7770 25.2199 <0.001
James 0.8356 17.6826 <0.001
Santee 0.9793 1.9660 0.024
L. Marion 0.9961 0.7423 0.616
L. M ou ltrie 0.9068 19.3382 <0.001
Potomac 0.7914 10.4462 <0.001
Rappahannock 0.8572 6.7412 <0.001
Mattaponi 0.9537 4.0820 0.001
Pamunkey 0.9263 3.2854 <0.001
Connecticut 0.6508 26.9234 <0.001
Mattaponi 0.9078 5.0926 <0.001
Pamunkey 0.6995 9.8148 <0.001
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Morphometries
Body proportion ra tio s  fo r  ju v e n ile  blueback he rring , a lew ife , and 
American shad are presented in  Appendix B. Scattergrams o f raw 
morphometric characters against to ta l f is h  length showed no evidence o f 
c u rv i l in e a r ity .  Johnson (1980) in  examining la rv a l American shad, noted 
th a t body proportions changed during development over the s ize range he 
examined (8 to  31 mm). The f is h  I examined were la rg e r and past the 
p o in t o f greatest a llo m e tric  growth. In ad d itio n , the size range o f 
f is h  I examined was small and i t  was suspected th a t no evidence o f 
a llo m e tr ic  growth, i .e .  c u rv i l in e a r ity  in  the raw data p lo ts , would be 
apparent.
Snout Length (SNTL1
Snout length o f blueback herring  ranged from 4.56 (Mattaponi, 1978)
to  6.65% (Lake Marion, 1978) o f  to ta l length . Samples from-Ghesapeake
Bay, Nova Scotia , and Connecticut were s im ila r  in  th e ir  snout length to
to ta l length ra t io ,  4.56 to  6.08. Blueback herring  from South Carolina
had a s l ig h t ly  higher range, 4.99 to  6.65. C o e ffic ie n t o f determ ination 
2
( r  ) values fo r  the regression o f snout length on to ta l length ranged 
from 78.7 to  95.3%.
Snout length o f a lew ife  ranged from 4.24 (Potomac, 1980) to  6.0% 
(James, 1978) o f to ta l length. A ll samples were s im ila r  in  th e ir  snout 
length to  to ta l length ra t io ,  though samples from areas north o f 
Chesapeake Bay (Nova Scotia, Maine, and Rhode Is la n d ), exh ib ited  a
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s l ig h t ly  sm aller range, from 4.54 to  5.69. C o e ffic ie n t o f determ ination 
values ranged from 76.5 to  86.1%.
Snout length o f American shad ranged from 4.83 (Connecticut, 1980) 
to  6.77% (Pamunkey, 1978) o f to ta l leng th . Chesapeake Bay samples had a 
h igher range o f snout length to  to ta l length r a t io ,  5.29 to  6.77, than 
those from the Connecticut R iver, 4.83 to  6.06. C o e ffic ie n t o f 
determ ination values ranged from 34.8 to  98.4%.
Orbit Diameter (0D1
O rb it diameter o f blueback herring  ranged from 5.44 {Santee, 1978) 
to  8.67% (Potomac, 1978) o f to ta l leng th . The ra t io  was s im ila r  in  a l l  
lo ca tion s  sampled. C o e ffic ie n t o f determ ination values ranged from 88.4 
to  93.8%.
O rb it diameter o f a lew ife  ranged from 6.56 (Potomac, 1978) to  9.83% 
(Rappahannock, 1978) o f to ta l leng th . Samples from outside o f 
Chesapeake Bay exh ib ited  a s l ig h t ly  narrower range o f o rb it  diameter to  
to ta l length r a t io ,  6.97 to  8.67. C o e ffic ie n t o f determ ination values 
ranged from 40.5 to  90.7%.
The o rb i t  diameter to  to ta l length  ra t io  fo r  American shad ranged 
from 6.12 (Connecticut, 1979) to  8.33 (Pamunkey, 1978). Samples from 
Chesapeake Bay had a s l ig h t ly  h igher range, 6.33 to  8.33, than those 
from the Connecticut R iver, 6.12 to  7.65. C o e ffic ie n t o f determ ination 
values ranged from 64.5 to  98.6%.
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H ^ Q ld tU H W )
Head w idth o f blueback herring ranged from 4.60 to  6.76% (both from 
the Santee R iver, 1980) o f to ta l length. Samples from Chesapeake Bay 
and areas north o f the bay, had a s l ig h t ly  sm aller range o f head width 
to  to ta l length r a t io ,  4.71 to  6.31. C o e ffic ie n t o f determ ination 
values ranged from 83.8 to  94.7%.
The head w idth to  to ta l leng th  ra t io  o f a lew ife  ranged from 4.47
(Potomac, 1979) to  7.68 (Potomac, 1980). A sm aller range, 4.88 to  6.46, 
was noted fo r  areas north o f Chesapeake Bay. C o e ffic ie n t o f 
determ ination values ranged ^from 49.7 to  66.9%.
The head w idth to  to ta l length ra t io  o f American shad ranged from 
5.16 (James, 1978) to  7.24 (Pamunkey, 1980) fo r  samples w ith in  
Chesapeake Bay. The range o f values from the Connecticut River was 
s l ig h t ly  sm alle r, 4.91 to  6.67. C o e ffic ie n t o f determ ination values 
ranged from 10.5 to  95.1%.
Head Depth (HD1
Head depth o f blueback he rring  ranged from 11.7 (Nova Scotia, 1979)
to  15.05% (Rappahannock, 1980) o f to ta l length . The ra t io  was s im ila r
fo r  a l l  areas sampled. C o e ffic ie n t o f determ ination values ranged from
91.2 to  98.0%.
Head depth o f a lew ife  from Chesapeake Bay ranged from 11.82 
(Potomac, 1979) to  17.96% (Rappahannock, 1979) o f to ta l length. The 
ra t io  was s l ig h t ly  narrower fo r  a lew ife  from areas north o f Chesapeake
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Bay, 13.59 to  15.25. C o e ffic ie n t o f determ ination values ranged from
82.8 to  92.5%.
Head depth o f American shad from Chesapeake Bay ranged from 13.05 
(Pamunkey, 1980) to  15.56% (Pamunkey, 1978) o f to ta l length . The ra t io  
was s l ig h t ly  sm aller fo r  shad from the Connecticut R iver, 12.24 to  14.9. 
C o e ffic ie n t o f determ ination values ranged from 82.8 to  98.9%.
Upper Jaw Length (UJL1
Upper jaw length o f blueback herring ranged from 8.32 (Santee,
1978) to  10.78% (James and Pamunkey, 1978) o f to ta l leng th . A ll samples 
were s im ila r  in  th e ir  upper jaw to  to ta l length ra t io .  C o e ffic ie n t o f 
determ ination values ranged from 91.8 to  97.9%.
The ra t io  o f upper jaw length to  to ta l length fo r  a lew ife  from 
Chesapeake Bay ranged from 9.41 (Potomac, 1979) to  13.06 (Pamunkey, 
1978). The samples from areas north o f Chesapeake Bay had a smaller 
range, 9.97 to  11.59. C o e ffic ie n t o f determ ination values ranged from
77.9 to  91.3%.
Upper jaw length o f American shad ranged from 10.31 (Pamunkey,
1978) to  13.18% (James, 1978) o f to ta l length . Samples from the 
Connecticut River had a sm aller upper jaw length to  to ta l length ra t io ,  
8.61 to  11.25. C o e ffic ie n t o f determ ination values ranged from 30.6 to  
99.1%.
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Head Length (HL1
Head length o f blueback herring from South Carolina ranged from 
17.67 to  24.64% o f to ta l length. Samples from Chesapeake Bay and areas 
north o f Chesapeake Bay were s im ila r  in  th e ir  head to  to ta l length ra t io  
and ranged from 19.57 to  22.83. C o e ffic ie n t o f determ ination values 
ranged from 88.5 to  97.4%.
Head length o f a lew ife  ranged from 18.81 (Pamunkey, 1978) to  24.76% 
(Rappahannock, 1978) o f to ta l length . A lew ife from areas north o f 
Chesapeake Bay had a smaller range o f head lengths, 20.24 to  24.24% o f 
to ta l leng th . C o e ffic ie n t o f determ ination values ranged from 88.6 to  
96.5%.
Head length o f American shad from Chesapeake Bay ranged from 21.66 
(Pamunkey, 1980) to  24.82% (Pamunkey, 1978) o f to ta l length . Samples 
from the Connecticut River had a s l ig h t ly  sm aller ra t io ,  20.16 to  22.63. 
C o e ffic ie n t o f determ ination values ranged from 70.8 to  99.4%.
P osto rb ita l Length (POL)
P os to rb ita l length o f blueback herring  ranged from 7.38 (Santee, 
1978) to  11.25% (Santee, 1980) o f to ta l leng th . Blueback herring  from 
the Chesapeake Bay and areas north o f the bay were s im ila r  and had a 
s l ig h t ly  narrower range o f p o s to rb ita l leng th , 7.53 to  10.18% o f to ta l 
leng th . C o e ffic ie n t o f determ ination values ranged from 84.4 to  96.0%.
Samples o f a lew ife  from Chesapeake Bay had a range o f p o s to rb ita l 
length  to  to ta l length o f 7.58 (Potomac, 1978) to  10.15 (Mattaponi, 
1980). This ra t io  ranged from 7.84 to  9.84 from areas north o f
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Chesapeake Bay. C o e ffic ie n t o f determ ination values ranged from 82.3 to  
89.3%.
P os to rb ita l length o f American shad ranged from 8.2 (Connecticut, 
1980) to  10.96% (Pamunkey, 1980) o f to ta l length . A ll samples were 
s im ila r  in  th e ir  p o s to rb ita l length to  to ta l length ra t io .  C o e ffic ie n t
o f determ ination values ranged from 49.4 to  98.7%.
Preventral Length (PVL1
Preventral length o f blueback herring ranged from 36.28 (Santee, 
1978) to  44.31% (Potomac, 1978) o f to ta l length . A ll samples were 
s im ila r  in  th e ir  p reventra l length to  to ta l length ra t io .  C o e ffic ie n t
o f determ ination values ranged from 97.0 to  99.1%.
Preventral length o f a lew ife  from Chesapeake Bay ranged from 37.6 
(Potomac, 1978) to  43.67% (Rappahannock, 1978) o f to ta l length. 
Preventral length o f a lew ife  from areas north o f Chesapeake Bay had a 
s l ig h t ly  narrower range, 38.99 to  44.07. C o e ffic ie n t o f determ ination 
values ranged from 93.7 to  98.0%.
Preventral length o f American shad from Chesapeake Bay ranged from 
37.92 (James, 1978) to  44.02% (Pamunkey, 1978) o f to ta l length .
American shad from the Connecticut River had a narrower range, 39.26 to  
43.49. C o e ffic ie n t o f determ ination values ranged from 93.8 to  99.4%.
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Prepectoral Length (PPL)
Prepectoral length o f blueback herring from South Carolina ranged 
from 16.84 to  22.83% o f to ta l length. Blueback herring  from Chesapeake 
Bay and areas north o f the bay had prepectoral lengths ranging from 
17.99 to  22.83% o f to ta l length, a s l ig h t ly  narrower range than those 
from South C aro lina. C o e ffic ien t o f detemination values ranged from
89.1 to  97.4%.
Prepectoral length o f a lew ife  ranged from 18.33 (Mattaponi, 1980) 
to  23.15% (Rappahannock, 1980) o f to ta l leng th , fo r  a l l  samples except 
one. A lew ife  from the Rappahannock River in  1978 had a la rg e r ra t io  o f 
prepectoral length to  to ta l length, 21.39 to  24.58. C o e ffic ie n t o f 
determ ination values ranged from 82.6 to  93.4%.
Prepectoral length o f American shad from Chesapeake Bay ranged from
20.2 (James, 1978) to  23.89% (Pamunkey, 1978) o f to ta l length. 
Prepectoral length o f shad from the Connecticut R iver was s l ig h t ly  
sm alle r, 18.45 to  22.52% o f to ta l length . C o e ffic ie n t o f determ ination 
values ranged from 70.8 to  99.0%.
Predorsal Length (PPL)
Predorsal length o f blueback herring  ranged from 34.1 (Santee,
1978) to  40.6% (Lake Marion, 1979) o f to ta l leng th . A ll samples were 
s im ila r  in  th e ir  predorsal length to  to ta l length ra t io .  C o e ffic ie n t o f 
determ ination values ranged from 95.6 to  98.8%.
Predorsal length o f a lew ife  from Chesapeake Bay ranged from 33.51 
(Potomac, 1978) to  40.95% (Mattaponi, 1980) o f to ta l leng th . Predorsal
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length o f a lew ife  from areas north o f Chesapeake Bay was s l ig h t ly  
sm aller, 34.56 (Margaree, 1979) to  39.30% (Damariscotta, 1980), o f to ta l 
leng th . C o e ffic ie n t o f determ ination values ranged from 92.3 to  97.3%.
Predorsal length o f American shad from Chesapeake Bay ranged from
34.09 (James, 1978) to  39.35% (Mattaponi, 1978) o f to ta l leng th . Shad 
from the Connecticut River had a s l ig h t ly  narrower range, 34.96 to  
37.97. C o e ffic ie n t o f determ ination values ranged from 94.0 to  99.3%.
Preanal Length (PALI
Preanal length o f blueback herring ranged from 57.25 (Mattaponi, 
1980) to  64.78% (Connecticut, 1980) o f to ta l length . A ll samples were 
s im ila r  except fo r  the 1978 Santee River sample, which had a much lower 
range o f preanal length to  to ta l length , 54.57 to  61.62. C o e ffic ie n t o f 
determ ination values ranged from 98.1 to  99.5%.
Preanal length o f a lew ife  ranged from 55.57 (Damariscotta, 1980) to 
63.71% (Mattaponi, 1978) o f to ta l length. A ll samples were s im ila r  
except fo r  the 1980 Mattaponi R iver sample, which ranged from 58.21 to  
66.77. C o e ffic ie n t o f determ ination values ranged from 97.1 to  98.6%.
Preanal length o f American shad ranged from 55.13 (James, 1978) to 
63.42% (Connecticut, 1980) o f to ta l length . A ll samples were s im ila r  
fo r  th is  character. C o e ffic ie n t o f determ ination values ranged from
96.1 to  99.4%.
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Dorsal to  Anal Fin Distance (DA)
The distance from dorsal to anal f in  fo r  blueback herring ranged 
from 25.63 (Lake Marion, 1979) to  32.07% (Mattaponi, 1980) o f to ta l 
leng th . A ll samples were s im ila r fo r  th is  character. C o e ffic ie n t o f 
determ ination values ranged from 92.5 to  99.5%.
The distance from dorsal to  anal f in  fo r  a lew ife  from Chesapeake 
Bay ranged from 28.01 (Potomac, 1978) to  34.09% (Mattaponi, 1980) o f 
to ta l le n g th . This ra t io  was much sm aller fo r  a lew ife  from areas north 
o f Chesapeake Bay, 25.66 (Margaree, 1979) to  30.08 (G ilb e rt S tuart Pond,
1979). C o e ffic ie n t o f determ ination values ranged from 80.4 to  97.0%.
The distance from dorsal to  anal f in  fo r  American shad ranged from
26.1 (Pamunkey, 1978) to  31.39% (James, 1978) o f to ta l length. A ll 
samples were s im ila r  fo r  th is  character. C o e ffic ie n t o f determ ination 
values ranged from 91.4 to  99.4%.
Dorsal to  Pectoral Fin Distance (DPI
The distance from dorsal to  pectoral f in  fo r  blueback herring  
ranged from 21.48 (Santee, 1980) to  26.96% (Pamunkey, 1979) o f to ta l 
leng th . A ll samples were s im ila r  fo r  th is  character. C o e ffic ie n t o f 
determ ination values ranged from 92.3 to  98.2%.
The distance from dorsal to  pectoral f in  o f a lew ife  ranged from 
22.17 (Margaree, 1979) to  27.78% (James, 1978) o f to ta l length except 
fo r  one sample. A lew ife from the Mattaponi River in  1980 had a higher 
range fo r  th is  character, 26.07 to  29.82. C o e ffic ie n t o f determ ination 
values ranged from 89.8 to  98.0%.
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The distance from dorsal to pectoral f in  fo r  American shad ranged 
from 22.74 (Mattaponi, 1979) to 26.5% (Connecticut, 1979) o f to ta l 
leng th . A ll samples were s im ila r  fo r  th is  character. C o e ffic ie n t o f 
determ ination values ranged from 90.1 to  99.3%.
Body Depth (BD1
Body depth o f blueback herring from Chesapeake Bay ranged from 20.1 
(Mattaponi, 1980) to  24.81% fPamunkey, 1979) o f to ta l length . Body 
depth to  to ta l length ra tio s  o f blueback herring  from areas other than 
Chesapeake Bay were s im ila r  and ranged from 16.94 (Margaree, 1979) to 
23.5 (Connecticut, 1979). C o e ffic ie n t o f determ ination values rartged 
from 70.7 to  91.9%.
Body depth o f a lew ife  from Chesapeake Bay ranged from 22.89 
(Potomac, 1979) to  28.96% (Mattaponi, 1980) o f to ta l length . The range 
was much sm aller fo r  a lew ife  from areas north o f Chesapeake Bay, 17.12 
(Margaree, 1979) to  22.5 (G ilb e rt S tuart Pond, 1979). C o e ffic ie n t o f 
determ ination values ranged from 52.3 to  96.0%.
Body depth o f American shad from Chesapeake Bay ranged from 20.16 
(Mattaponi, 1978) to  25.64% (James, 1978) o f to ta l length . The range 
was s l ig h t ly  sm aller from the Connecticut R iver, 18.73 to  24.44. 
C o e ffic ie n t o f determ ination values ranged from 52.8 to  99.3%.
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S ta t is t ic a l Analysis o f Morphometries
A fa c to r ia l m u lt iv a r ia te  analysis o f variance (MANOVA) model was 
employed to  te s t whether s ig n if ic a n t d iffe re n ces  existed  among the 
popu la tions. Both main e ffe c ts  o f area and year were found to  be h igh ly  
s ig n if ic a n t  (P < 0.001) fo r  each species. In a d d itio n , a s ig n if ic a n t 
in te ra c tio n  ex is ted  between the main e ffe c ts  (P < 0.001) (Table 7). 
Analysis o f both simple e ffe c ts  o f areas w ith in  each year, and years 
w ith in  each area, were also found to  be s ig n if ic a n t fo r  a l l  comparisons 
(P < 0.001) (Tables 8 and 9 ). Due to  the s ig n if ic a n t in te ra c tio n s  
between main e ffe c ts , no proper in te rp re ta tio n  o f the s ig n if ic a n t main 
e ffe c ts  can be made.
Analysis o f covariance (ANC0VA) was performed by the MANOVA program
Yfrom SPSS (1983), to  examine the lin e a r  regressions o f each dependent 
morphometric va ria b le  and the independent covaria te  ( to ta l le n g th ), and 
te s t the hypotheses th a t the slopes and e leva tions o f the regression 
1 ines were equal (HQ: @ @2“* * * @ i anc* ^o : X i= ^2=* * • Yj) • Since
c u r v i l in e a r i ty  in  the data was not apparent, no log transform ations were 
employed in  the analyses.
An F te s t was f i r s t  applied to  te s t the s ig n ifica n ce  o f the 
regression c o e ff ic ie n t  o f the pooled data (H0 : ^ 0= 0) (Appendix C).
The te s t was s ig n if ic a n t  in  a l l  cases in d ic a tin g  th a t the use o f a 
cova ria te  was appropria te . C o e ffic ie n t o f determ ination ( r  ) values, a 
measure o f the dependency o f the dependent va ria b le  on to ta l length ,
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ranged from 81.7 to  99.0%, 59.4 to  97.6%, and 90.5 to  99.3% fo r  blueback 
h e rrin g , a lew ife , and American shad, respec tive ly  (Appendix C).
The analysis o f covariance te s t fo r  homogeneity o f slopes 
(Ho : 0 r @  2 =  . . .  fo r  blueback herring  showed s ig n if ic a n t
d iffe rences  (P < 0.05) fo r  e ig h t o f the characters tested (Appendix C). 
Upper jaw length (UJL), dorsal to  anal f in  d istance (DA), and body depth 
(BD) were s ig n if ic a n t ly  d if fe re n t  in  th e ir  slopes fo r  each o f the three 
years. The slopes fo r  o rb it  diameter (OD) and head length (HL), were 
s ig n if ic a n t ly  d if fe re n t from the samples fo r  1978 and 1979, w h ile  the 
slopes fo r  snout length (SNTL), and bead w idth (HW) d if fe re d  fo r  the 
1979 and 1980 samples. Dorsal to  pectoral f in  d istance (DP) d iffe re d  in 
1978 and 1980. The 1980 samples d iffe re d  s ig n if ic a n t ly  in  th e ir  slopes 
fo r  the regression o f head depth (HD) on to ta l leng th .
The d iffe rences  in  e leva tions o f the regression lin e s  
(Hq : ^ 1= ^2 = ••• if j )  were t i^en tested fo r  the remaining f iv e  
characters, p o s to rb ita l length (POL), prepectoral (PPL), p reventra l 
(PVL), predorsal (PDL), and preanal (PAL) lengths. In each case, 
e leva tions were s ig n if ic a n t ly  d if fe re n t  (P < 0 .05 ), and ind ica ted  th a t 
the body proportion  ra tio s  fo r  these characters were d if fe re n t  fo r  the 
populations examined.
The ana lysis o f covariance te s t fo r  homogeneity o f slopes fo r  
a lew ife  ind ica ted  s ig n if ic a n t d iffe re n ces  (P < 0.05) in  seven o f the
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morphometric characters. The slopes o f the regression lin e s  fo r  head 
depth d iffe re d  s ig n if ic a n t ly  in  two o f the three years, while the slopes 
fo r  snout, upper jaw, p re ve n tra l, predorsal, and preanal lengths, and 
dorsal to  pectoral f in  distance a l l  d if fe re d  in the 1980 sample. Dorsal 
to  anal f in  distance d iffe re d  s ig n if ic a n t ly  fo r  the 1978 sample.
The d iffe rences in the e leva tion  o f regression lin e s  fo r  a lew ife  
was then tested fo r  the remaining s ix  characters, o rb it  diameter, head 
w id th , body depth, and head, p o s to rb ita l, and prepectoral lengths. A ll 
were found to  be s ig n if ic a n t ly  d if fe re n t (P < 0 .05).
Analysis o f covariance o f American shad morphometries ind icated 
s ig in if ic a n t  d iffe rences in seven o f the characters examined. The 
slopes o f the regression lin e s  fo r  body depth d iffe re d  s ig n if ic a n t ly  in 
1978 and 1979. In 1978, a s ig n if ic a n t d iffe re nce  was found in  the 
slopes o f the regressions o f upper jaw length on to ta l length . In 1979, 
s ig n if ic a n t d iffe rences were found fo r  the slopes o f head length, 
p o s to rb ita l length , and dorsal to  pectoral f in  distance on to ta l length, 
and in  1980 fo r  the regressions o f predorsal and preanal lengths on 
to ta l length .
The remaining seven American shad characters were tested to  
determine i f  the e levations o f the regression lin e s  d iffe re d . The 
e leva tion  o f the regression lin e s  fo r  preventra l length was non­
s ig n if ic a n t fo r  1979 and 1980. Four characters, o rb it  diameter, head
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depth, prepectoral length, and dorsal to  anal f in  distance had 
s ig n if ic a n t d iffe rences in th e ir  e levations fo r  two o f the years 
sampled, 1979 and 1980. The elevations o f the regression lin es  fo r  head 
width were n o n -s ig n ifica n t fo r  1978 and 1980. Only one character, snout 
length , was s ig n if ic a n t ly  d if fe re n t in  e leva tion  o f the regression lin e s  
fo r  a l l  the years sampled.
Considering the re su lts  o f both the MANOVA and covariance models, 
there were considerable d iffe rences in  the morphometric characters among 
areas and years, but year to  year v a r ia tio n  w ith in  areas served to 
confound any apparent d iffe rences between areas.
Table 7. Summary o f the fa c to r ia l m u ltiv a ria te  analysis o f variance 
(MANOVA) model fo r  blueback herring , a lew ife , and American 
shad morphometric characters.
SOURCE OF WILKS’ APPROX.
VARIATION________SPECIES_______CRITERION_______F VALUE_______PROBABILITY
Area B1ueback 0.0213 31.0242 <0.001
Alew ife 0.0689 31.6801 <0.001
Shad 0.0743 32.9727 <0.001
Year B1ueback 0.5201 18.6709 <0.001
A1 ewi fe 0.0905 50.7936 <0.001
Shad 0.1922 15.8333 <0.001
Area x Year Blueback 0.0421 14.0011 <0.001
Alew ife 0.0224 25.4671 <0.001
Shad 0.1352 21.2545 <0.001
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Table 8. Summary o f the fa c to r ia l m u ltiv a ria te  analysis o f variance
(MANOVA) model o f the simple e ffe c ts  o f areas w ith in  years fo r  
blueback herring , a lew ife , and American shad raw morphometric 
characters.
SPECIES YEAR
WILKS’
CRITERION
APPROX. 
F VALUE PROBABIL
Blueback 1978 0.0454 33.3077 <0.001
1979 0.0483 22.9275 <0.001
1980 0.0621 24.1250 <0.001
A1 ewi f  e 1978 0.1630 18.2419 <0.00-1
1979 0.2286 23.8532 <0.001
1980 0.0380 43.4838 <0.001
Shad 1978 0.7103 5.0396 <0.001
1979 0.1705 17.5-725 <0.001
1980 0.1247 86.7281 <0.001
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Table 9.
SPECIES 
B1ueback
A lew ife
Shad
Summary o f the fa c to r ia l m u ltiv a ria te  analysis o f variance 
(MANOVA) model o f the simple e ffe c ts  o f years w ith in  areas fo r  
blueback herring , a lew ife , and American raw shad morphometric 
characters.
WILKS’ APPROX.
AREA___________CRITERION_______F VALUE_______PROBABILITY
Connecticut 0.4990 48.4768 <0.001
Potomac 0.6674 10.8181 <0.001
Rappahannock 0.7719 6.6741 <0.001
Mattaponi 0.6833 10.1272 <0.001
Pamunkey 0.6100 13.5390 <0.001
James 0.5945 14.3368 <0.001
Santee 0.3158 37.6436 <0.001
L. Marion 0.6774 22.9926 <0.001
L. M ou ltrie 0.5945 32.9369 <0.001
Potomac 0.1861 28.8033 <0.001
Rappahannock 0.1698 31.1889 <0.001
Mattaponi 0.1897 93.3621 <0.001
Pamunkey 0.2149 25.2976 <0.001
Connecticut 0.1718 59.5712 <0.001
Mattaponi 0.5471 10.2290 <0.001
Pamunkey 0.1922 15.8333 <0.001
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DISCUSSION
M eris tic  counts reported here f e l l  w ith in  the ranges previously 
described fo r  each o f the species. Although d iffe rences were noted in
the un iva ria te  s ta t is t ic s  (means, modes, e tc . ) ,  no consistent patterns
o f change were found among areas in  the same year, or in  each area from
year to  year. Yearly s h if ts  in  modal values w ith in  each area indicated
th a t these characters were h igh ly  p la s tic  and may depend heavily  on 
environmental cond itions. Numerous studies have demonstrated the 
e ffe c ts  o f physical or environmental parameters on m eris tics  (Schmidt 
1919; Hubbs 1922, 1925; Vladykov 1934; Tester 1938t Gabriel 1944; TSning 
1952; Lindsey 1954, 1957, 1958; Raney and Woolcott 1955; Barlow 1961; 
Hempel and B laxte r 1961; Garside 1966; Parsons and Hodder 1971; Beacham- 
and Murray 1986). The f u l l  complement o f m e ris tic  characters o f an 
ind iv id u a l f is h ' are determined during a -short period spanning incubation 
o f the egg through the la rva l stage (Hubbs 1926; TSning 1952; Barlow 
1961). This stage has been termed the “ se n s itive " period by Taning 
(1952). The number o f characters appears to  be a function  o f the ra te  
o f development during the sen s itive  period (Hubbs 1926). Johnson (1980) 
determined fo r  American shad th a t development o f the median f in s  (dorsal 
and anal) was complete at 21 mm SL and development o f the paired f in s  
(pectoral and p e lv ic ) was complete at 27 mm SL. I t  was assumed th a t 
th is  was true  also fo r  blueback herring and a lew ife  and th a t a l l  f is h  
used in th is  study there fo re  had th e ir  f u l l  complement o f m e ris tic  
characters. Lack o f concomitant physical data during the sens itive
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period fo r  these samples precluded in te rp re ta tio n  o f the observed s h if ts  
in  the u n iva ria te  s ta t is t ic s  fo r  each species.
Studies o f ra c ia l separation in  Alosa have frequen tly  employed 
u n iva ria te  te s ts  o f s ign ificance  in  m e ris tic  studies (Vladykov and 
Wallace 1938; Warfel and Olsen 1947; F isch le r 1959;. H i l l  1959; Reed 
1964; Nichols 1966), or m u ltiv a ria te  c la s s if ic a t io n  techniques in both 
m e ris tic  and morphometric studies (Carscadden and Leggett 1975a; Messieh 
1977). The use o f a p o s te rio r i m u ltip le  t  or F te s ts  to  evaluate 
d iffe rences among m u ltip le  sarapXe-s in f la te s  the stated leve l o f 
s ign ifica n ce  and, thus, increases the ris-k o f spurious statements o f 
s ig n ifica n ce  (Cochran and Cox 1957). The m u ltiv a r ia te  c la s s if ic a t io n  
technique o f d iscrim inan t func tion  analysis has frequen tly  been used to 
p a r t it io n  recognizable groups or samples in to  d isc re te  populations. The 
technique may suggest hypotheses., but i t  does not accommodate the 
te s tin g  o f hypotheses. Another serious problem confounding previous 
studies has been the pooling or ind isc rim in a te  comparison o f various 
year-classes (Vladykov and Wallace 1938; Warfel and Olsen 1947; F isch le r 
1959; H i l l  1959; Reed 1964; N ichols 1966; Messieh 1977). This p ractice  
can confound any temporal or year to  year v a r ia tio n  in  m e ris tic  
characters or morphometries.
A more appropriate s ta t is t ic a l  approach fo r  these types o f studies 
would be to  te s t whether the population group centro ids are equal 
(Pimentel 1979). P rio r to  the use o f a m u ltiv a r ia te  c la s s if ic a t io n
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technique such as d iscrim inan t function  ana lys is, s ta t is t ic a l 
s ig n ifica n ce  in the population group centro ids should be established by 
MANOVA (Pimentel 1979). According to  Maxwell (1977), "the m u ltiva ria te  
te s t has the advantage over p un iva ria te  tes ts  in tha t i t  takes possible 
co rre la tio n  and d iffe rences in variance between the p va ria tes in to  
account". In the present study, the use o f the MANOVA model avoided 
both the s u b je c t iv ity  associated w ith  c la s s if ic a t io n  techniques, and the 
h ig h ly  questionable p rop rie ty  o f m u ltip le  t  and F te s ts . By using 
ju v e n ile  specimens from several years, the problems o f m u ltip le  year- 
classes per sample and the question o f r iv e r  o f o r ig in  were avoided.
The present study indicated th a t m e ris tic  and morphometric data fo r  
blueback he rring , a lew ife , and American shad could not be used fo r  stock 
id e n t if ic a t io n .  Furthermore, the app lica tion  o f the MANOVA model herein 
demonstrated the need fo r  simultaneous study o f temporal and spa tia l 
considera tions, and concomitant physical data, in  m e ris tic  and 
morphometric analyses.
SUMMARY
1. M e ris t ic  and morphometric characters were examined from 
juven iles  o f three species o f Alosa co llec ted  from major 
A t la n t ic  coast r ive rs .
2. Univaria te s ta t is t ic s  were computed fo r  each character to gain 
in s ig h t on year to year and area to area v a r ia t io n .
3. M u lt iva r ia te  techniques were employed to determine whether 
these characters would be o f use in stock d iscrim ina tion .
4. A s ig n i f ic a n t  in te rac t ion  e f fe c t  between areas and years 
precluded in te rp re ta t io n  o f the s ig n i f ic a n t  main e ffec ts  of 
areas and years.
5. Analysis o f covariance was employed to compare the regressions 
o f each morphometric character by areas and years. No 
consistent patterns were found to explain the observed 
d if fe re n ce s .
6. The resu lts  o f th is  study indicated tha t because these m eris t ic  
and morphometric characters are very p la s t ic  and re ad ily  
modified, the characters cannot be used fo r  stock 
id e n t i f ic a t io n .
7. Although m eris t ic  and morphometric d iffe rences were found 
between the areas sampled, th is  study demonstrated tha t spatia l 
and temporal factors must both be taken in to  account when 
conducting studies o f th is  nature.
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EPILOGUE
Near the completion o f th is  study, several sources o f information 
indicated tha t a lo g - l in e a r  model (multidimensional contingency table 
analysis) ra ther than the MANOVA model, is  be tte r suited fo r  the 
analysis o f  m e ris t ic  characters. I t  is  assumed in MANOVA tah t the 
varia tes have a m u lt iva r ia te  normal d is t r ib u t io n ,  which implies tha t 
each va r ia te  is  normally d is t r ib u te d  and, among other th ings, tha t there 
is  a l in e a r  re la t ion sh ip  between any va r ia te  and any other va r ia te , or 
any combination o f  the others. Multidimensional contingency table 
analysis, in contrast, is  independent o f  the shape o f the re la tionsh ips  
between va r ia tes , ne ither l in e a r i t y  nor monotonicity is  required.
A multidimensional contingency ta b le  analysis e f  the m eris t ic  data 
in th is  study was recently  completed. With respect to the MANOVA 
analysis, the nature o f the resu lts  and the subsequent conclusions 
remained unchanged. The p ropr ie ty  o f  the lo g - l in e a r  model fo r  m eris t ic  
studies w i l l  be investigated fu r th e r .
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Appendix A 
Summary o f m e r is t ic  counts
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Appendix B 
Summary o f morphometric measurements
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Appendix C
Summary o f a n a ly s is  o f eovariance (ANCOVA)
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